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LETTER
FROM

THE SECRETARY OF THE INTERIOR,
TRANS)IITTING,

IN RESPONSE TO RESOLUTION OF THE SENATE OF FEBRUARY 7,
1899, REPORT FROM THE DIRECTOR OF THE UNITED STATES
GEOLOGICAL SURVEY RELATIVE TO RESERVOIR SITES, WITH
BRIEF MEMORANDA AS TO PRESENT CONDITIONS OF WATER
STORAGE, ETC.

FIWRUAI(Y 13, 189!J.-Rl'fcrrefl to the Committee on the Geological Sun'oJ and
ordored to be printed.

DEPAR'l'}illNT OF THE INTERIOR,
Washington, }'('uructry 11,1899.

SIR: Under date of the 7th instant the Senate passed tIle following
resolution:

J:esolrecl, That the 1'ecretary of the Intorior be, and hl'reuy is, (lirected to fnrnish
in concise fOl'ln for the' nse of the t:ienato a general sratement of tue origin, char
acter, amI el'tent of the snneys of resen'oir sites made b~' the Cni ted States Geo
logical Snr"l'e~'. wi th brief lllellloralllla as to presen t cOlllli riolls of water storage
and the mure important sites iu eaoh Inrge hydrugraphic basiu, also a summary of
estimnteR as to 1'rubablo cost of cOllatrnetiug snitahh' dams at points whoro the
stored water will bo of most immodiato valno to the I)Ilulic.

In reply thereto I lmve the houor to Lalld yon berewitIl copy of a
report from tIle Director of the Geological Survey, \yhicb embodies tIle
information called for by said resolution.

Yery respectfully, C. N. BLISS,
!:Jeaetary.

Tile PRESlDEi\"T OF THE SENATE.

DEPART3IENT OF '1'HE IN'fERIOR,
UNl'l'ED S'rATES GEOLOGICAL SURVEY.

Wa.shington, D. C" FebnlCl1"Y 11, 18.99.
Sm: I Ilave the honor to ackllo~yledge,by reference from you dated

Febrnary 10, the following resolution:
Resolred, That tho 1'eerotar.\' of the Interior be, and hereby is, dil'ectell to fnrnish

in concise forlll for tiJe nse of the :-'ouure a general statement of the origin, character,



The SECRETARY OF TilE IN'l'ERIOR.

anll extent of the snne~'s of reservoir sites made b." the United States Geological
Survey, with hrief memoranda as to present eontlitious of water storage ant! the
more important sites in each large hydrographic basin, also a summary of estimates
as to prouable cost of cou~tructing snitable dams at points where the stored water
will UP of most immediate value to the public.

In accordance with this resolntioll, i beg to submit herewith in dupli,
cate a report IlPOll reservoir surveys, prepared by .Mr. F. H. Newell,
hydrograplier.

I have the honor to be, your obedieut servallt,
UilA::::. D. WALCOTT,

Directo1'.
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SURVEYS OF RESERVOIR SITES.

By F. H. NEWELL.

ORIGIN OF SURVEYS,

'fhe ol'lg'm or the reseryoir investigations carried on uy tile Ueo
log'ical Survey maJ' be traced to tile early work, alld p, rticularly tlll'

report prepared uy :'Iaj. J. \\-. Powell Oll the Lauds 01' tlJe Arid HegiOlI,
transmitted April J, 1;;'j8. Un page I:! of that report lIe l'alls attentioll
to the increafie of irrig'aule area possible uy tlood 1'-10rage. and notes
tilat there are two methods of (~onserying the wa.'te water; First, in
tile upper yalleys alllong moulltaius a illI foothillfi; and, second, ill
ponds "ithin 01' ndjal'ent to farllls where irrip;atioll i:s being cal'l'ied on.
At that time reservoir sites of both tlte:se classes were pral'ti 'all,'
untouciled, lmt sil1ce then llluny of tile slllallrr sites adjncent to cul
tivated lands bave been put to use in w!tole or iu part. At the present
time tbe puulic is concerlledlllainly with the larger and more expellsive
storag-e projeds relating to the upper catehllll'lH areas of tile streml1s.

Major Powell's early report, \,hile discus:iug COllditiollS througllollt
the arid West, uroug-Itt out detail:; particularly concerlling Utah. He
showed, for exalliple, tllat at the SOUl'ces of tbe :::)evier HiveI' reservoirs
could ue constructed ill the broad basins draincll by uarrow gorges cut
through vo1eallic slleets. De pointed out partil'ularly l'auguitch Lake,
wllielt lies in a broad b<lsin 1;-, miles soutlJ\re:st or tlJe tOWI1 of the sallie
llame. By throwing a dam 30 feet high amI ,j0 01' (it! feet loug' across
the outlet a lake would be formed \"itb n II area of G 01' 7 square miles.
Other resen'oirs could be formed by da.ms across the upper part of
East Fork Uallyoll, also iu Grasl::i Valley, upon Fish Lake plateau, upon
the Sevier plateau, and ill tile valleys dmiued by Salill{L Creek am] its
tributaries. Sevier HiveI' itself can be clleaply dammed at several
gorges, llOt~Lbly at the head of Marysvale Uanyon. i:)ince tlJe time of
the publication of thi' report several of these reservoirs have been built,
while otllers 1l0W needed are waiting for necessary fUllds. It was Ilot
until teu years after tile pnblication of this report-wLlllely, in 18Sb
that COIlg-ress took definite actiol1 in authorizillg reservoir surveys.

Shortly after the publication of the report on the Lands of tile Arid
Region, by .:\lajor Powell, the Survey, of whiclJ he was tile llead, "as
aboli 'Iled, "itll other similar orgauizatiolls, and iu place of the:;e tlJe
present United States Geological StuTey was created. This present
Survey is concerned "ith the water resources of the COUlltry primarily
through wlla.t is kuown u:; tile organic law conta.illed in the act of
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,,'hl'rcas a lar.~1' portion of thl' 1I1l0cellpied jlnblic lallds pf the Unite'l] States is
locatell within what is known as the arid rog-ioll. ;lllt] now utilized oul~' fllr ~ra;:ing
purposes, hnt lllnch of ".. hich, by UII"IllS of il'l'igation. fila:, bc relll!t'r.'tI as fer! ile :tIltl

product,iye as nu~' 1:I1Id ill the world. capable of slIpporting a large poplIlatioll,
thercuy atldillg to the uatiOllal wealth allll prosperity;

\Vhoreas all the water J\,,\\'ing- l]lIrillg the Slimmer months in 11Ian~' "f thl' streams
01' The ]locky ~IOllntaills. lIpllll whic·h chicH,· tIle hllsh"nllman of the plaills and the
mOllutaiu valleys chietly tlepelltls for ltloistnre for his crops, has lWCll appropriated
ane] is used for the irrigatiou of lamb cOlltigllonS thercto, whereby a COUlpamth'ely
s1lla11 are:l bas bC1'1l reclaimed: alld .

\Yhere:ts tber!' are lliaDy na tnt'al depl'e sions ne:tr the sources nllll ,!long the conrses
of thest. streams which Ulay he ('ouYertt-d illt" reseryoirs fol' the storage of the sllr
plus water whicb during tile 'Tillter aue] spl'illg seaStlllS Hows throllg-h tlle sl.rt',uns;
from wbich resen'oirs the water there storel] I'an be drawn and eonllncte<1 throngh
properly ennstrueted canals, at tbe proper sf'ason, tl1\IS uringing largc arcas of J:wd
into cnltiYrltioll and making clesirable IIl1lCh of thl' publie lallll for which there is
now no clemanll: Therefore, be it

11, ",Ired by tlte Sel/ate alleZ HOllse of Repl'eselltatires of tlte C'lli/ed State' of A mel'ica ill
('ollYTess a'Bell' Med. That thl' Sel'retary of the lnt"rior, b~' ml"ll1S of the Din'l·tol' of
the (;l'olo~ical SUI','e\" 101'. anll he is hereby, directed to make an examinatic)]} of th",t
portiou of the arid regions of the l-nite" 'States where ag-rienltnrf' is ('al'l'iecl on by
means of irrigation. as to the natural alhantages for the storage of \\a \1'1' fol' irri
gating purl'0se~.with thc practil'abilit,' of l'onstrncting re~..rvoirs, tog-ethcr with the
capacit,' of the str"alll' ancl the I'ost of ,·oustrnctioll aud capacity of resl-n'oirs. and
sneb otber fal·ts as bear on thl' question of storage of water for iJTi~atillg pnrposl's;
alld that he be fnrtber dircctpd to rc-port to Con;!rf'ss as soon as pr:ll'til·aldt· the
result of sucb iUH'stigatioll, (.\ppro,·ed )Iarch :!O, 1~88, ;-;tat. L., ",,1. :!:i. Pl" (;18,

u19, )
This was follo"ed by the pas 'age of an act cOlltaiuing an npl\l'olwia

tion of 810U,UOU for toe pnrpo:e of iuvestigating tile extent to \\,ltich

_ Thnt this omcer -hall have' t1l1' clirf'etion of the' (;eological :=;1Ir\'f'~' allcl the
dassilieation of th.- pllblic lanll" allll c",unillatioll of the g-"olog-ical strlll'tllre, min
eral !'l'"Ollrl'f'-. and prolllld- of the natioll:" tlOlllain, alltl that the Ilirel"\ot' alltl melll
bers or the Geolll,;:ic:tl ~Iln'e~' sh,"1 h:tye 110 persollal or private illterests ill the lallds
01' lUilll'r:" wealth Hl the re).!ion 1l11ller snl'\'e~', ,ulll ,hall execllte no slIr\'l'Ys or m,ami
natillns for private parties or corporatillllS. (-"'Jlprlly",1 )Iarch 3, Ill7!). ::;t:tt. L"

vol. :lO. p, 3!lJ,)

The lir~t reqniRite ill the "ehlf;flif1carion of the public lalllls alld the
examiuation of tIle geological structure, lninenll I'esource~, and prod
ucts of the national domain," is a topog"raphic lIlap for gni(lance and
for exllibilillg the results. t)ince toe organization of the t)uryey, tlJere
fore, a large part of its energies has been cOllcentratell ou the prepara
tion of snch a map, showing all ele\'atiolls uy means of coutours, also
the locntiou of streams, to\\'IlR, roads, railroads, aull canals for irriga
tion or tranf;portatiou. isolated houses, and bonndaries of States, coun
ties, and towns. 'l'ilis map exhibit:; the lIminaire area of stn'ams, the
relative elevations of catchmcnt bnsinfl aud 'irrigahle lalltl~, the topo,
graphic features faYorablc to water ronselTation, the land,otliee lines,
tile slopes of yalleys. and mau)' other ,letails of importan('e to the
deYeloplllcnt of water pOWNS and of irrigation or the reclamation of

the arill lanlls.In 18~7 the Director of till' Geological Snn-cy \\'a~ ('alll'(l npon by
Congresf; to c()n~ider the question of Federal recognition of the irriga
tion subject. .:\ resolution waf; passed reflniriug the Secretary of the
Interior, b~- means of the Director of the Ueologienl t)urYe~', to make
an inye:tigation of that portion of the ari,] region of the (-nited Rtates
woere agTi('ulture is c:urie(l on by means of irrigatiOll. 'rhe resolutiou

reads a . follow :

Cougress of 1\lareh ;t ]S7fl. To tIle p:\ragraph creating" tIle office of
Director of tile ;eological SUl"cy the followillg provif;o wafl attached:
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~URn:Y.' OF I:E~ERYOlK RITES.

the arid reg-ion of the United States call be redeemed by irrigation.
'l'llis act is as foil 0 \\S :

For the pnr!,o~eof in\"t'stigatin~the extent to which the arid region of the United
States "an he redel'med h,l' irri!!atioLl, alltl thll8egregation of the irrigahle lands in
such arid region, aUll 1'01' the selection of sites for resen'oirs and other h~'llr'11llic

works nccessary for the storage anll nti1iration of water for irrigatioll an,l thc pre
vention of tlootls aud 0\'1' I' tl0 \\"s, :tn,l to make the nccessary maps, inclnding' the
pa~- of elllplo~'ees in field anll in ollicc, the cost of all instrnments, apparatns, and
materials. and all other necess:ll'.' expenses connectcd tllcrewitll, the \\'01'], to be
performed by the Geolog-ical Snne.\', uuller tile direction of the Secretar~' of tho
Interior, the snm of one hnndred tllousanll dollars or so lllnch thereof as may be
necessary, Ancl the Director of tile Geological Snrl'ey nnder the snpAni~ion of the
Secretary of the Interior shall make a 1'<'POI·t to ()ou~ress on the first ~Ionday in
Dcct'mhcr of each year. showing in detail how tile said monoy has been expelllled,
the nmollnt used for nctual snl'\'ey and engineer work in tile flelll in locating sites
for reservoirs and an itemized account of the expenditure I]mler this appropriation.
And all tile lands which mny Ilereafter he designatell or selected h., snch Ullited
States sun'ers for sites for rt'servoirs. ditclle~, or canals for irrigatiOlI pnrposes and
all the lnnds made susceptihle of il'1'i~'ltiun by sucll rcservoirs, ditches. or canals are
from tllis time ilenceforth ber"by reserved from sale as the property of tile United
Stntes, anll shall not be snhject after the passage of tllis act to entry, settlement, or
occupation until fnrther pro\'illed by law:

Provided, That the Pre,ident may at any time in his lli8cretion by proclamation
open any portioll or all of the lands reserved hy tllis provision to settlement under
the homestead laws. (,-\'ppro\'ed October 2, 1888. Stat. L., 'o\. 25, pp. 526,527.)

In the following year 8250,000 was appropriated for continuing the
work. (Approved March 2, 1889. ~tat. L., vol. 25, p. 9UO.)

A portion of the law passed October 2, 1888, was repealed by the
following IWO\'isiolls in the act approved August 30,1890 (Stat. L., vol.
26, p. 391), and 110 appropriation was made for irrigation work as such:

For topograpllic sur.e.\'s in various port,ions 'of the United States, three hnndred
and twemy-tive tllonsand dollars, one-llaJf of which sl1m shall be expended west of
the one bundredtll meridian; nnll so mncll of the act of October second, eighteen
hnndred and eighty,eight, entit,led "An act making appropriations for sundry civil
expenses of tile Go.,-ernlllent for the fiscal year' ending .June thirteenth, eighteen
hunllred and ei~ht,y,nine, and for otller pnrpost's," as provides for the \vitlldra-wal
of tile public la-Illls from entry, occupation and settlement, is hereby repealed, and
all entries made or claims initiated in good faith and valid hut for said act, sllall be
recognized and may he perfected in the snme manner as if said law bad not heen
enacted, except thnt reservoir sites heretofore located or selected shall remain segre
g'lted aud reserved from entry or settlement as pro\'ided by ~nid act, IIntil otherwise
pro\'ided by law, and re~ervoir sites hereafter located or select~d on puhlic lands
shall in like manner be resene,l from tlle d,tte of the loca tion or selection 1,11ereof.

No person wllo shall after the passage of this act, enter npon any of the pnhlic
lauds with a view to ocrnpation. eutry, or settlement under an~' of the lanel laws
shnll be permitted to acquire title to more titan thre" hundrell and t,wenty acres ill
the a~gl'egute, nUller all of said laws, hnt this lilllitation shall not operate to cnrtail
tile right of any person who has heretofore llIade entry or settlement on the pnltlic
lands, or whose o~cnpation, clltr~', or settlelllont is validated by tllis act: J>"IJficled,
That ill all patents for Inllds bereafter taken np nncler nny of the land laws of the
United States or on entries or claill!s validated bv this act we~t of the nne hun
dredth meridian, it shall be expre~Bcd tbat there is i'eserved 1rol1l the lands ill said
patent ,leserihel1, a rig-bt of WH,\' thel'eon for tlitelles or canal8 coustrul,ted hy tile
autllority of the Cnited :-3t,ates. (Approvetl Angust 30,1800. Stat. L.,.Yol. 26, p. 3!:l1.)

Under this law the Survey selected and mapped a. larg-e number of
reservoir Rites, which have been noted on the recot'(ls of the General
Land Office, allll are now reserved from entry or settlement. Descrip
tions of these sites JUay be found in tbe Tenth, Elevent,u, Twelfth, and
Tllirteentll AnIlUal Heports of tlle Geological SUl'\'ey.

From the above cited paragraphs it appears that the portion of the
original law approved October ~, 1888, which atl'ected the withdrawal
of the public lands from entry, occupation, and settlement was repealed,
but that the remaining portions of the law were unafJected by the act
of .repeal, aud that there is still on the statute books authority for



CHARACTER OF SURVEYS.

making' an examination of the arid region of tbe United States, for
ascertaining tbe capacity of the streams, and" for the selection of sites
for reservoirs and other hydraulic "\\orks necessary for the storage and
utilization of water for irrigation and the prevention of floods and
overflows, and to make the necessary maps."

In the repealing act it was speeifically provided that tbe reservoir
site,S slIall remain segregated for such use, and in a law entitled "An
act to repeal timber-culture laws, and for other purposes," approved
March 3, 1891, it is provided:

That resen'oir sites located or selectcd antI to be located and sclC'cted UllUl'r the
provisions of "An act making appropriations for sUlldl'y civil expenses of the (Jov
ernment for the fiscal year ending June thirticth, eighteen hUlldred and eighty-nine,
and for oti:ler purposes," and amendments thereto, sball be restricted to and shall
contain onl~- so much laml as is actuall~- necessary for the constructioll and mainte
nance of reservoirs; excluding Sll far as practicable lands occupied by actnal settlers
at the date of the location of said reservoirs. {Stat. L., vol. 26, p. 1101.)

In making surveys and estimates for storage reservoirs the opera·
tions fall naturally into two classes or steps: First, ascertainment of
tbe natural conditions; and, secolld, preparation of estimates based
upon these and upon tlJe existing artificial limitations.

In most of the "\\ork of this cllaracter conducted by tbe Geological
Survey tile operations have extended only to the first class-ascertain·
ment of the physical facts; but in !<ome cases tIle investigations and
data llfi,ve been elaborated to the' point of preparing detailed plans and
estimates based upon certain assumptions.

The natural conditions to be ascertain.ed in the case of storage reser
voirs are primarily those wbiclI fall witlJin the observations of the
topograpbers engaged on the map of tile United States. These are the
area, outlines, slopes, and character of tIle catchment basin tributary
to tbe reservoir, and the capacity of tbe latter at ....arious heights of
water. Closely joiued with tbis are the operations of tbe hydrog
rapbers in measuring the flow of the stream aud ascertaining tbe
volume of ",ater which can be depended npon to reach the reservoir
under ordinary conditions~as well as the extreme floods, against which
provision must be made. Having ascertained the facts as to the
probable water supply, it is tlJen necessary to ascertain tbe conditions
at the proposed dam site, such as the character of the foundation, the
materials available, auel the length, beight, and other dimensions of
the necessary structure. TiJese facts have been ascertained from time
to time ('oncerning many scores of reservoir sites ",ithin the arid
reg-ion. This work, on a large or a small scale, has been systematically
canied forward year by year.

The artificial conditions to which reference has been made, and which
must be taken into consideration in preparing detailed estimates, are
not susceptible of measurement and final estimates, since they are
changing from time to time. These are chiefly laud ownership and
acquired rights to water, transportation facilities, cost of materials,
and, more important tbau all, the capital a,'ailable toward the construc
tion of tile proposed claw. V\ itb unlimited fuuds at hand the engineer
would plan amI build a dam entirely diJferent in material and method
of construction from one whiclJ he mllst erect when called upon to pro,
duce the desired result with an exceedingly small amount of money.
In the first case he would look mainly to stability and tborougiJness of
workmauship; in tbe second, he would adopt the cheapest devices aDd

J.

'URVEYS OF ImSEHYOIR . ITES.6



assume certain risks, with the thought that from year to year the tem
ponl.l'y imperfections could 1e remedied, until a time wIlen larg'er funds
might 1>e available. In the first case lie might, and pro1>a1ly would,
construct the dam of solid masonry; in the secolJd, he migbt make it of
loose rock, or even largely of wood, with the intention of l'enewillg parts
in five or ten years, whenever portions of the material sllOwed signs of
decay.

From what has been said it is evident that reservoir surveys can be
carried 011 widely to great advantage up to the point of making esti·
mates of cost, and that to go beyond this assumptions lllll:::;t be made,
founded 011 a knowledge as to whether the dams are to be built by
individuals for limited use, by assoeiations or corporatiolls for larger
pmposes, or by the community-the county, St.ate, or natiou-to supply
the largest possible quanti(y of' water alld to bave unlimited length of
life. 'Nithout some sucb fundamelltal assumption it is, of course,
impossible to make estimates for construction purposes. The Geolog
ical Smvey has, in some instances, attempte<1 to overcome this difficulty
by making estimates, based upon different types of (lam-eartbwork,
loose rock with woodeu face, masonry, etc. But the laborious estimates
prepared upon various assnmptions are largely wasted eHarts, and will
continne to be until it is apparent "bethel' these reservoirs will be con
structed by individuals or associations, and bence ',it.h a small capacity,
or by the community, for maximum service and with commensurate
sta1>ility.

The characteio of various estimates of cost can best be ilIustl'itted by
the case of a pu1>lic building such as a court-house. It i. obvious that
in order to prepare a final estimatc for construction, certain details-as
number and size of rOOlllR. plumbing, and interior finish-must be
definitely settled upou, as well as the external appearance. These in
turn depend upon the fimill cial condition of the count,y. "-hell tbese
points are lIlalle plain, it is possi1>le to prepare detailed estililates as to
the total cost of the building. If, on the other band, a builder is told
that a county court-house is needed, but is giVl'n llO information as to
the amount of ~nolley that can bc expended, or the requirements, he
can merely state tllat in round lIumbers a good 1>uildiug can be erected
for 8100,000. Titus it is witlJ estimates tar constructiou of darns.
Knowing the size of the reservoir and the natural conditions existing
at tlJe dam site, the engineer can merely state that a dam call 1>e built
for so lIlany thousand dollars, ill rOlllHI IlUlubers. He lIIay go further
and prepare estimates for an earthwork dam, or a wooden-sheathed
loose-rock structure,or a solid lIIa"onry barrier; but tlJe"e cstimates
can not be considered fiual until other conditions, mainly of a finallcial
character, are known.

It was early recognized tlJat dctailed estimates of the cost of con
struction of dams are of little use ulltil SOUle <1efinite (lecision has 1een
reache<1 as to probable coustruction. The preparatiou of these esti
mates was therefore discontinued, allll efforts were directE'd to the
ascertainment of the natural conditions. These are of prime impor
tance. The necessity of expending fund in ascertaining \Ybere reser
voir sites are located, and their size and value, can not be gainsaid.
Data of this killll are the foundation for any broad classification of the
public domain, mill for ascertaining the extent to wIdcll the arid lauds
can 1>e redeemed by irrigation. They are insepara1>ly coullt'cted with
questions concerning flow of streams allcl qu.antity of available water.
Tbe acquisition of the facts does not in any way depend upon assump
tions as to bow the reservoirs are to 1>e constructed, and the results

SLiR,EYS OF HESERYOlR SITE,. 7



EXTENT OF SURVEYS,

The extent of reservoir snn-eys can best be shown by reference to
the AnnualUeports of the Survey, oeginning with the Eleveuth, Part
II. In order to assemble these data in concise form, the following
tables have ueen prepared, giving reference to the volume and page
where additional facts can be fouud. A few of the principal details
have been asscUluled ill tlle table to afford a general conception of the
character of tlJe reservoirs examined.

ARIZONA.

In Arizona the principal reservoir surveys have been those made on
Gila HiveI' alld its tribntaries and described in Senate Document No.
27, Fifty-fourth Gongress, secollll session; also, ill lelow detail, in the
Eighteenth Annual Report, Part IV, on pages 291 to 297. Detailed
estimates have beeu prepared for the constl'Uctioll of two dams, uncleI'
the assnmption that one of tlJese may ultimately be uuilt by the Gov-.
ernment, mainly for the purpose of supplying water to the Indians.
Other surveys of reservoir:; on tlle head water:; of Salt and Verde
rivers have been made by private parties. These are described in a
general way ill the Senate document mentioned above.

CALIFORl'iIA.

In this State most of the reservoir surve;ys have been made within
the high Sierras, in the viciuity of I.Jake Taboe, these beiug on the head
waters of Truckee Hiver, flowing into California; also on the head
waters of Stanislaus,TuolllJ1me, and :;\Ierced I ivers, flowing into San J oa·
q uin Valley. .A geueral description of these is given iu tbe Eleventh

are equally valuable whether the work is ultimately performed by indi
viduah;, by associations, or by the State. They enable eaclJ citizen to
determine for lJimself where reservoir sites exist, and, in a general way,
whetlJer a dam can be constructed to financial advantag'e.

TlJe method of survey has been that which expm;ience has shown to
be the most expeditious and economical. The plane, table is nsed
almost excll1sh'ely, elevations being' checked by precise leveling. In
this way results of aCClll'aCj' are obtained at an expenditure of one
half or one-fourth the time employed in the usual way of' transit
location and of plotting notes. TlJe scale employed lias been depend·
ent npon the size of tlle reservoir, the attempt being usually made to
complete the map upon the plane-table in ordinary use. The contour
interval bas usually ueen 10 feet, although in special cases a 5·foot
vertical interval has been used.

At the dam sites it has usually beell the custom to prepare a map
still more detailed than that of the reservoir, in order to show minor
inequalities of surface. The scale employed has been governed by the
proposed site, and the contonr interval has ranged from 1 foot to 5
feet, thus briuging out minor inequalities of surfitce and affording
means of computing the cubical couteuts of the dam above the origi·
nal surface. Wherever practicable, notes have been made as to tile
probable amount of earth or loose rock to be removed in preparing
foundations.

The resulting plane· table sheets hn \'e ueen carefully completed for
preservation and placed amOllg tlJe records of the oflice of the Geolog· ,
ical Survey. Photographs of these are made at once, and in most
instances the drawiugs have beeu reproduced in generalized form in
Annual Reports of the Geological Survey.

SURVEY,' OF l:E!"Eln'Om SITES.8



SUl'veys of "esen'oil' siles in Califol'l1ia..

a See also Ele"cllth ~unual Report, ParI n, PI" 150 to 168.
b See also Eleyenth Annual Rep..rt, I'art lI, p, 174,
c COUBists of two site:; with sCJ':lnltt' dallls of sarnO height.
d On small creek iu Tuolumne County,
ern Tuolulllne Couuty,
/Kot estimated.

Annual Heport, Part II, on pages 1,30 to 1G8. The eng-ineering details
and estimates are more fully discnssed in tile Thirteenth Annual
Report, Part 111, on pages 30S to 400. TIle following' taule gives in
condensed for1ll the principal facts concerning the reservoirs examiued
or sun-eyed in tlJi::; State. In the second colulUn is g-i\'en the page
reference to the Annual Heport", where a(}(litional facts may be fOl111dj
in the next column is given the arbitrary number, and in the fourth
colulllu is given the name of the l'e;;elTOil' or stream to which the res·
ervoir is tributary. The drainage area above the reservoir site is also
given, aud the approximate altitude of \yater surface. An assuuli'd
height of dam is also stated, and the area of the water surface in acres,
which will be formed by a dam of this height; also the total capacity
of the reservoir in acre· feet.

9

45, 195
23,082
43,185

93,060

6.917
2.018
4,608
1. 050

79U
975
160

1.460
5,740
4,630
5,480
3.120

430
980

6,300
2,200
2,160
3,300
2,500
5,700

11,000

1,070

25,500
10, IUD

2,250
:~,480

6,500
4,800
3,370
4,000

(/)
600

2,400
4,700

SURn;yS OF l:E:';ERYOI!{ f'ITES.

13

~: I'13
13
13
12
12
12
12
12
12 1
12

}~ I
~~ I
12 I
12 I
12
12
12
12 I'
1~ ,

12 I
12

1

12
12
12
12
12
12
12
12
12
12
12

~ ~ Drainage Height A rea of C~parity
E~ Pagc. Xu. ~allle. area. Altitude. or dam. r:(~~~. of yl~~~.~r•

.q "i : __ --- ----
I _ I _ Sq. miles. I Feet. I Feet. I Acre... A.cr'Ieet.

13 I 40~ I! Lleol' Lake a. . -1-............. lG,080 435, 300
13 391 2. IIIdc\,endeIlce Laku b ..........•.••....... 1 6,997 I 40 984 2:3,707
13 39~ I 3 I Well leI' LokeD . ....••. G,769 29 1 778 11,352
13 389-390' 4 {DOnller Laha ,' :. 6,095 ~~ ~,337 22,205

I Donner Lake and Col<I Creel, 1 G,095 {98 } v, DOG 42.827

12 10 5 Yulla Ri'·er. G I 6,700- 8.300 20 320 I 2.400
12 12 6 Squaw' Creek. 12 G,IOO- 9,000 J6 225 1,350

13 400 Ligil;er~o~e.~~~~ ..~~ ..~.e.re~(~. 5.980 115 841
400 8 ILake TeIlai,a a ········· ...•.• 7,990 59.5 597
400 9 Tuolumne ~leadowsa 1 8.3:39 75 I 1,081

400 liD ~f1ke Eleanor a .....................••••. ", 4,5G1 { ~ :} 1, 127
400 11 I~ennedy Meadow a ' 6,911 I 5;; ~48
400 12 KeIlned~' Lake a _ I 8,009:n HO 1
400 13 lkar "aIlHou llloods Creek a. 6,182 81 128,
13\ J4 l{~d Lake.: , ::;111,," 7, 50- 9,500 35 811 ,
14 15

1

Marklee\lUe Creek . .. do 5,90U- 8,500 c35 60
16 16 Ea.t Carson Riyer 6,000-]\,000 65 4U
17 17 Deer Creek lu<i~finitc. ,000 2~ 20 I
I, 18 Heenan I,ake Small. 7,100- 8,UOU :IU 130 I
19 19 Silyer Creck.................. 6, 40U-11, DUO 60 255
20 20 'WolfCreek 6,500·11,000 65 190 :
21 21 Easr <';al'~on ...........•.... _. ExtClllih·c.1 ti, 61:0-11, 0(10 G5 225 I
2~ 22 )10kelu1llne Hi"ur 7,OOU-IO, 000 40 75
24 23 do t·· .. ·· 6,800-10,000 38 3n I
25 24 l'neitie'olleyCreek Small 7,500-9,5UO 35 75

I 2326 25 Big Cnllyoll Creek '1" ~,500- 7,500 ro 280
27 26 .do .....................•............. ~,OOO- 8,000 35 l1-1{~ I
28 I27 H 1111 Creok , 5, OUO- ~,UOU I 50 v I
30 28 Gron;to Creek...... .. 5,000 40 220
~31 I '3290 Chern' Ri,er '...... 4,500-11,000 40 J 65
" Lake\·ernon............................. 6,500 30 4U
34 31 Bi~ Meadow site d ::;mall..... t,500 30 98U

35 32 Errars Yeadow site e _. __ . _ ..•.. do - - _. 5, 000 3~ 95

36 33 Tuolulllue !:i'·er Large 1.500-12,000 100 680
38 34 Little Truckee ]{inr. 6,500- ~,OOO I 60 450
39 35 do 5,800- 9.000 50 120
40 136 Pross,'r Creek..... 12 6,200- 9,000 30 310 I
42 37 Little Tl'llek~(' I:i"er , ' 4,50U- 9,OUU 50 350
43 38 ::Uouulllent Pcak sitee SILa!! 7,700-10,000 80 '160 '
45 39 :Kear East Caroou Rh'"r .. 5,200-11,000 60 150
46 40 Gl'a.s I.ake Small 7,800- n,500 30 350
47 41 West Fork Car.on I{i\·er Larl[e 5,000-12,000 150 ~,400 I
51 42 ~ear \\.cst Fork Car~ou Hinr. Small..... 5,50U- 6,300 40 40
52 43 Sih·er Fork ..:\mericnnHh~r_._.. _.tIo _... 7,800 47 13;;
53 44 Xcar Silyer Fork Ameri('au I............ 7,900 30 420

I:in~r. I



COLORADO.

Most of the reservoir surveys in Colorado lla\'e been conlinecl to the
head waters of Arkansas River. A general description is given in the
Eleventh Autiual Report, Part II, on pages 133 to 14·1, and the engi·
neering details are noted in the Thirteenth Annual Heport, Part III,
011 pages 357 to 370. The relative location of the reservoirs and of tIJe
streams into which their waters empty is shown on- a large folded map
accompanying the volume. 'l'IJe following' list gives the principal details
concerning the sites examined:

Suruys of 1'eserl'oir sites ill Colo1'ado.

a Ele'-ations ref('r tu approximate altitude of resen"oirs.
b See Ele"cnth anr.ual Repo"L, Part II, p. 135.
e Inc1udt:s clrllina26 of Eh:,ht :\Iile and BC3\"'e'rcl'eeks.
d lutludes draina~eof Grm'nllol'D Creek.
e Depressiou on tfte open lJlains, 6 milrs enst of Rocky ForI,.
fDeprcssioll on tIle 0lJeJl plains, 8 miles south of Kill.Hl1'll.
9 Depression on the open plains, 10 miles southeast or ArlilJ~tolJ.

A rca of Capacity
n'sel'- 0 f reser·
yoir. yoir.

I
Drainage l Altituue. Height

area. (n) of dam.Name.

i;URYEYS 01" RESERVOIR SITES.

- --,---------
S'1.mUes. Feet. Feet. Acres..A cl"f!-leel.

~~ ; Twin Lake. b.............. 3S7 I H,240 73 3,475 103,500

36
~ I J';ast Fork Arkapsas Riycr , 10, 000 19~ }......... 8.875
" Clcar Lako {65 7,000

~~~ 1 ~ I~~l~~~Ct~';f:::::::::::::::::::::::: ::::::::::1
1

19:~~ ~~g 4~:~~
55 6 SC"cn :llilo Creek................. 30 8,400 100 160 4: 550

365 7 I Tennessee ForkofArkansas Hivcr 9,870 14G80 37,000
56 8 Grapo Creek...................... 380 I 8,000 2,540 119,IUO
58 9 Pine Creek........ 30 7.9UO 100 8U 1,520
59 10 Siale Creek. 2:; 8. 100 86 560 8,570
61 lJ I West \Iii or Ten ~I ile Creek...... 20 8,5UO 67 200 2,250
62 12 Oil Creek....... 160 8,500 159 1. 400 56,200
6-1 13 West Bea\'Cr Creek............... 60 9,000 96 I, 320 ~8, 450
66 14 Bea"er Cret'k....... 25 9,.000 63 50 620
67

1

15 Oil Creek......................... 270 5, SOO 100 167 4,300
69 16 Wilson Creek 35 5,900 I 90 18105 2

1
,.90

95
0
070 17 Saud Cr.'~k............ 3(1 5,450 84

72 18 Six Milo Creek...... c180 5.500 100 50 ~, 100
73 19 Eight ~lile Creek............... .. 50 5.500 70 210 4,540
74120 I Bea,er Creck....... 130 5,100 ~15 7,100
76 21 1 Turkey Creek.................... 70 5,400 80 520 H,800
78 22 I do 70 r"ooo 60 90 1,920
79 23 ,\ rkan~as Rivor 4.900 I ~OO I, 3~?~g 35H.000
83 21 Hllsh Creek....................... 10' 5,400I" v 2,100

365 25 I Cotlollwood Lake I · · \717~I "2i70'0

0

" 8,400
8·( 26 I St. Charl!'s River ISO 4,980 I 2,640
85 27 do , I 65 6,3UO ·3,340
87 28 I Gmneros C~eok. .. .. . .. .. .. .. . ,150 6. OOu I f,ij 700 27, 200
88129 I Huerlllilo R"·el·................... 500 6.895 I 49 115 1,960
89 30' Cucharas Iti'·.r............. 40 7.800 132 130 4,125
91 31 Arapahoe River.... ~5 7,200 I J3H 450 13,300
92 32 J Sanla Clara. Ri'·er................ 45 ~. 700 I 142 420 10,150
94 33 .A plshapa River.................. 100 6.850 U5 440 12,790
96

1

34 Pllrgatory Ri,·er.................. 320 6,620 1 120 .;50 6.200
97 35, In Stonewall V alloy.............. 50 8,300 135 240 11.200
98 36' Purgatory HiYel'.................. 65 I S.200 142 760 22,700

~02 371 Api.hapn River 420 I 5,600, 31 250 I 3,840
36~ I 38 Monument Creek ' 6,950 47 . 5,630

i8~ I ~g I §1~~f~r.·C·a·~r~~·c~e.;k·::::::::::::: · ·220·I .... ,j;7OO· ~~ ....i;400· ....ii;230
103 41 Rille Crcek 140 4,250 68 1,560 32,780
105 42

1

Cottonwood Creek · ·1 110 4, 300 I 58 I. ~800U I 25,680
106 43 Two Bntte Creek................. 250 4,50U 50 • 5,900
107 44 SUPll!ied from Arkansas Rh·er ... None.... 4,250 20 700·14,720
109 45 Supplied from Arkansas Ri,·er! .. Small .. 1 4,150 :1'!0ne... 1,680 21,470
111 46 SUPl'hed from Arkansas H,,·erg ...... do "'1' 4.150 ~ one '" 4,160 73,300
113 47 Teunessee Fork, Arkansas Ri ...er. 20 10,600 50 420 9,600
115 48 '};nst Fork arkansas Ri ...er....... 30 10,100 45 250 4,100
116 49 Pine Creek....................... 20 S,545 60 13

9
0
0

I 2,500
117 50 .....do............................. 25 I 8,600 70 1,500
119 51 Arkansas River .... ........ ...... 600 8,000 i 120 420 11,940
120 I 52 I Oak Grove Creek................. 30 6,425 84 80 1,310
122 53 Rock Creek....................... 30 5,200 70 300 6.600
124 54 TilUpas Creel, 75 4,950 88 840 13,6-10
125 I 55 I La, Animas Rh·.,·................ 2,400 4.450 108 2,360 43,330

13
13

13

13
13
12
13
12
12
12
12
12
12
12
12
12
12
12
J2
12
12
12
12
12
13
12
12
12
12
12
12
12
12
12
12
12
12
13
13
12
12
12
12
12
12gl
12

gl12
12
12
12

1
12

-.;.: I~ ..
:: ~ Pogo. No.
""<1:>::

10
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Survey oj ,'e.en'oi!' siles in ,1Iolllalla.

In l\Iontana the most extensive surveys were made of Suu l~iver, as
described in the Eleventh Annual Heport, Part II, on pages 113 to 133,
and also in the Thirteenth .Annual Heport, Part III, on pages 3i1 to
386. The principal details concel'lJing other rcservoir sites are given
in the following table, with reference to the volume where additional
facts may be had:

a See also Elt'I'ellth Annual Rcport. Part II, pp. 12:1-125.
b 2 miles we::;t of reservoir No.5.
c To be draitH'll hy a cut a mih's IODg nn1l35 feet maximum depth.
d2 mil.':.; n1.Hn·e Mlll"tinstlufc.
eNear Nurth Fork :llu8,,,I.holl RiI'er .
.{:IlIlile. we8t of Confederate Gulch.

r. ~~h;:'\i~~' 20~,I;htJi: Utica.
i I! mile" north of Ltica.
j 1~ mile. nbOI'o Martinsdale,

3,000
1,500

250
3,OUO

200

11~URVEYS OF RESERYOIR RITES.

163
164

12
I:! I

I

IDAHO.

In this State reservoir snrveys lJave been made on the head waters
of Snake River, and to a less extent on streams tlOWillg' into this
river from the nQrth, in the southwestern part of the State. A general
description is given in the Elevellth AnnU'l11 Report, Part IT, on pages
]90 to 200, and the engineering features are discussed in the Thirteenth
AnTIual Report, Part III, on pages 422 to 427. Later snrvpys of reser·
voir sites 011 Elackfoot HiveI' are given ill tlJe Eighteenth Annual
Report, Part IV, on pages 330 to 333. Other reservoir surveys will be
described in the Twentieth Annual Report, now in preparation.

MON'l'ANA.

'"§t! I I IDrainngr 'Hei«htl.l.renof C~pacily
§~ page'l Xo. Rin~r. arpa. A..ltihule. f t reser· 01 re:iOC'r·
<~ 10 (:llll"l ,"oil'. I '-air.

-1---- S·!. >niles, Feet, - Fe:-I-:":'~C'~fC::
13 374 1 I North Fork Snn Ril·era ' 1.172 I ( ~~} t75: 5,250

13 375 2 SnnRi'·er 1.136 1 1 99 ~70 n.l05
13 376 :l! :-iorth Furk Still Ri\'cr 1 tiliS '...... 12\ II' lUU "I. 400
13 a77 4 do ~ ' 318 11:1 581 I 20.315
13 378 5 Willow Creek 1 87 84 I. 600 38,600
13 379 II do a7 2t 378 I 6.550
13 380 I ,- 'ear Willow Creek b SmaiL................ 41 I 293 5,590
13 38l 8 1 mile north 0_1' rmwn·oir~o.7 :.do _ __ .. ~~ 140 2.0!H
1~ 3388~_; 109 Re!owcaJlal:-io.2 , :-ionc : _ aO! n.I~20 l'O.u8ul u2
13 BentouLnke.................... 3.61U ;-;OIl~.CI ". •
12 127 I 11 Flat in :ll,,~~her COUl!t~· d I 10 5,000 15 1 30' 160
12 1t8 12 :Kear MarliJlsrlalee 4.900- 7.600 40 40 800
12 129 13 l)nb~' Venn Creek 40 5,000- 8,000 15 I 20 10"
12 l:ll 14 I East Branch Dnis,\' Dean creek.\, 18 4,800- 8.000 :15 30' aoo
12 H2 15 North Fork Mn<.el.hellRiI·er.. 60! 5.4011- 8.000 :15 40 520
12 133 16 ,;outh }'ork ;\In.sc1sholl.P..il'er.. 95 5,0110- 8,500 55 1(111 ..

g m l~ ·;;;~i~~1l·Mii~·u~~~k·:::::::::::::I .. ·.... 90·1 Ugt ~:Z~ I ~g, I,O~~ ' iiJ;isi
12 137 19 SoutbForkSlIlithRiI·er........ 12 5,600-7,000 25 1211 1.12:>
12 1a9 20 do 1 50 5,300- 7,000 I 8U I 110 1.230
12 140 21 Basin in ;\lenl[her Countyf 4,000 I 10 I 15
12 141 22-23 Bnsi" Oll Mitdlell Creek 1 . 15 I 50
12 r 142 24 Big Holc Riwr , 5,000-10.000 100 11.800
12 I 1471 25 Black·tail Deer Creek , 6,ooO-10.IIOU , 40, 6UO
12 148 26 Ilea\'er Hend l{i\'er , 5,400-10,000 125 1.400 I ..
12 150 I 27' Red Rock !{i"cr 1.......... 40 1.200 ..
12 152 28, Hnby Ril'er · ·15.3OO-1U.000 i 35 I 400
12 153 29 AlkaJiHaSin y \ 20

1

2,800
12 155 30 Dry Lnkeg I ·.. 15 200
12 156 al Box Elder C'·.·ek.... 85 3.600- 7,000 461 180
12 158 32 West Fork Otter Creek 5,1100- 7,000 , 6~ 70
12 1

1
5
6
9
0
I 33 Sage Greek 25 I 4.900- 8.000 I 21 I 3U

12 34 Middle}'orl,JlIllithRi\'er..... 1205,000- ,UOO 761 100
12 161 35 nr~' Basin in Fergus Connt~' It.. 4,900 ........ 35

12 162 36 DC-~n~t;~~.~~.~~~.' ..~.~:.g.u.~. 4,900 31 55 350
37 Lebo Lako 5,000-9,0001 10 ..
38 I Flat in 1l0al[h"r Cuuntyj , 6,000- 8,000 35 I 250 .



SllI'IIBYB of reBervoi!' Biles in XliII JIeJ'ico.

SurveYB of 1'e8erl'oir Bitl'B in 1I'uada,.

NEW MEXICO.

A con"iderable number of small reservoir sites ha,ve been examined
in this Territory, but comparatively few of these have beeu surveyed iu
detail. The results are given in the Eleventh Annual Report, Part II,
on pages 1-15 to 150, and in tIle Twelfth Annual !{eport, Part II, 011
pages 163 to 208.

Sl'RVEYf; OF RESERVOIR SITES.

209
210

394

395

12
12

13

13

12

sfl ' 1 jDr"illa;(cl I' I Height IArca Of: Capacity;: g, Page. ~o. I Hi\"cr. area. I A tltllcle. of dam. rCSOITOir,! ot r~sel'
~~ ,0U',
--- __I i ---- --- _

I ! ACl'eB. I Feet. : Feet, Acl'c,. Acre.feel.
1 Trud,eo Rh'er I. 00,) ·1, ~OV-IU, 800 50 40" 7.50U
2/ do 1 1.0UU 4. 2UO-IO. 80U ~g 395 1 7.40U

17' Long Valley Creck I{ 100 1.0801 :14.425

18 West Carson River 1 1 .,050 I 10:1 1,800 I 90,810

NEVA.DA..

TIle i)l'incipal reservoir sites examined for tIle benefit of this State
lie in California, on or near tIle head waters of the Truckee, Carson,
alld otlJer streams flowillg froll1 California into Nevada. These have
been described under the head of "California." The details can be
found in the Eleventll AUllUal Report, Part II, 011 pages 1GS to 182,
and ill the Thirteenth Annual Report, Part III, on pages 387 to 397.

sfl Iv . ~ I III '~I Arpa ICapacity
;: ~. Pao""6. 1\0. Rh·cr. rn1Ua~el Altittldc. ~l ... it Of'Ot'Rel'. ot· reoer.- area. of <.lUlU.: :7
~~ I r '·011'. T"Olf.

-j--- ;Sq.1itiles. !Fut. Feet. .A.cru. Acre.feet.
12 10;; I Horse Lake....................... 40 1.120 21, 000
12

1

' 106 2 Boulder Lake..................... 7.500 100, 2. ~50 51.000
12 168 3 Stinking Lake....... .. .,500 50 I 3.630 125,000
12 169 4 ,alledto, Creek 7,00a- 8. UW IOU I 100 3,500

1
1
2
2

2 I 111~7:g1 gI ~:;;'\r~ll~n~;:::::::::::::::::::: ::::::::::' 7.000- ~:g~g l~g ~g tggg
7 l:io Cali"lIte ·1 ·.. 7.00a- 8.000 , l~g i 330 10.OUO

Him Ig I m~R~~~)1~~:::::::::::::::::::::: :::::::::: ·~.·~~~~T~~·' 1~~ 1 2~~ U~~
]2 175 11 J:iuPicurilSillldnioLusio · 7,U00-8,OUO 80 i 2;.161 6,uuO
12 175 12 Hio Grande 6,000--13,000 50 I 1,500 3U,OUO
1
12

2 I Hi 13 };ast l'ork of Rio Jernez , ' 4,03U 18,000
177/14 HioJcmez 9,000.1O,00U 53~ 256 5,000

1'1 178 15 do 8.500-II.UOO 57 212 4,500
12 1 179 16 <10 8,500-11.000 58 575 13,000
12 IiiO 17 GO 70 1, 046 3~ 000
12 180 18 Riu ,;ala'lo........................ 7.000-9, UOO 00 1;;;; 3' 7UU
12 I 1ril 19 Rio Jemcz........................ !lO 1,6JO OU:OOO
1~ ,. 182 20 tianta F .. Creek , 8. OlJO..-12. 000 72 40 1.100
12 183 I 21/ Rio)lediualHl RlO Frijole ' O,UUV-IU.UOO 50 45 800
12 183 22 Hio )lura .. , OUa-IO, OUO 66 I O~O 5,400
12 184 23 do 7. OUO-I1. 000 90 1. 770 3d. 000
12 11\5 24 I )I:tllllelito_ aud Las Tnsas creek& 6. 7UO-IO. OUU 100 I 1,037 41.00U
~~ 1~~ ~.~ :i,"pp!ied frolll Uioltora 6.000-1~,000 SUlle. 81~'OU 15.00U

I~o _6 1,10 (,a11111as 6.000- ,.000 100 5,800
12 189 2i l:io Pecos " 01l0-12. 000 75 3.0 8.800
12 190' 28, dO 7.000-11.1I00 821 250 7.800
12 191 29 mo l;ran<lp 0,000-12,000 31 I 4,452 87,000
12 192 ;;0 Rio ,,:,," J o'e 6.000 8, OUO ~o 9UO 20,000
12 193 31 I 'an )Iateo Creek 6.000- 8,000 4:1~' 38U 5.50U
12 194 3~ Blm' \\'all'r Creek 1 i,OOO 19; 490 3.000
12 195 33 '10 , 7,000- 9. (/00 4~~ 1, 9~~ , 53, ~~g

12 198/34 Agua Jeri" Cre"k ,i 1 7. 000- 9. 000 ~~ I 1~~ 1. ~gg
12 199 35 }{ioCr.lorado 6,000- 7,000 72 420 1,100

i~ ~gg ~~ m~~:l;I~,~l~~;::::::::::::::::::::::I::::::::::1~:~ ~:ggg Ig~ I n~~ ~~:ggg

n ~~g .~~r~i~fE~:'~~:::::::::::::::::::::>::::::::f::::::~.: ii~: ~ 1 2g:~~~, E~:~~



D'rA-H.

Surreys of l'esel'l'oir sites in etalt.

13

D
' H.,,',,] t Area Capacity

mIllage ~\1titmle. 01' \~ 1 ofrf'~cr· of rl·~er·
nrea. I alD. ,"oil'. ,"oil'.
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PRESENT CONDITIONS,

From tl.le foreg'oing statement: and tables it appears that a large
number of reservoir sites haye beell discovered, lI1allY of theRe sur
Yeyed, and for some (If them definite e,,;timates prepared, based upon
certain assumptions as to the cll<ll'atter of dam nee\led. The bringing
of tlle~c to pllulic attention bas re,;nlted in much cOI'l'espondence re
garding tlleir use and iu \liseussioll, both public and private, as to the
opportunities for water consen-ation. In a, few inf;tances tlle dams
ba ve been constructed and the reservoirs are 110W supplying the needed
"ater to lands under irrigation, but in the 111a,iority of cases no action
bas resulted. This is particularly true with tIle huger or more \'a1u
able of tlle sites, tlle "at('r from "hich mnst be di,;tributed among a
number of ditcllef; or communities. The g-rea~ cost il1\~()lved al1\l the
doubts as to metllods of equable \listributiou of the "ater are such as
to canse illdetinite delay.

Oue fnct baf; come prominelJtl~- fon"ard during the last teu years,
since the inal1g-uration of the resen'oir work, find that if; that water
storng-e on a larg-e scale ean rarely ue made profitable to inclivi\luals or
cor'poratiolls. \Yater cOll~ernltion is espensi\'e at best, and exic.tillg
conditions. hl\":", alld clH;toms are, ucb tbat the pen.,on \,,110 lHliltls a
dam on the llead "atel'R of a stream is rarely in a position to be 1)(>l1e,
fiterl tinalll:iall,v by tIle w,lter "hich be impounds. Tlle capitalists w'110
Lavc pnt their money illto suell eutel'pl'i,;ps have im'olnutarily become
plJilanLllropi ts-benefactors of tlleir fellow,men, but not gainers tllem·
selves to a notable degree. The community as a ",llole is lluquestiou·

Uescryoir snrycyf; in this State h:'\\"e been made on the two great
fref;11,water lakec., Bear and lJtah. '1'llc resnlts of tbe survey of Utah
Lake are gi\-ell ill tIle Elenmth A11nna,} Heport, Part II, on pages 70 to
~-! and 1~;) to IS-I.. The eondition,; are al,,;o di,,;cnssecl ill the 'l'wclfth
Annual Heport. Part II. Oil pages 3:jJ to 33\!. 'rhe slUyey of Bear Lake
is clef;cribt.,1 iu the Twelfth AIl11nal ({eport, l'art 11, ou pages 3~7 to
3~\!, and iu the Thirteenth Annual Report, on page -!5~. III addition to
tl,ese examination,; Ilfn'e been made of rcservoir sites maillly along the
Seyier and its tributaries. as dec.cribed in the 'l'hirteenth Anllnal
Heport, Part III, on pa~es 4;)1 to .J-~~,
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ably enriched, directly or iI\llirectly, to an extent many til11('s the first
cost of tIle works, lmt these benefits can not redound wholly to the
constructors. \Vben the reservoir surn'~'s were lJegun it waH bclieved
by many persons that the ~ites would bc eagerly seized upon a.nd tlmt
construction would immediately follow; but, out of many possible
localities, very few have been found to be so favorably sitllated a.s to
attract investors. K~vertheless, the discovery of these few is tllldOllbt
edly worth tile expenditure.

\Vhile reservoirs ill g-eneml call not be made sources of profit to the
investors, there is no gainsaying the fact that they are indispensable
to the community. They llla.)' be classed with ligut-houi;ei; aud works
of intcmal improvement, which, nllder existing laws and customs,
can not be made sources of private gain, and yet must be had if a full
development of the natural reSOlU'ces is to be obtained.

The one great demand of the western half of the Uuited States is
for ,more water during times of scarcity. This has becn particularly
accentuated by the (lroughts of 1898, when millions of dollars were
lost through lack of ordinary snpply. It is highly probable that the
aggregate losses to the cOllllllunities, if these could have been put in
the form of works for conserving' flood water, would have repaid the
cost of all such works. Such losses are so distributed aud so far
reaching that it is, of course, impossible to segregate them, or to indi
cate deliuitely the individuals most tleeply concemed. They are,
moreover, of such character that ouly the community as a whole is
competent to guard against tlleJII, individual, or eveu corporate action,
not beillg possilJle. '1'he State OL' the nation must prodde the means
by which disasters of tids kind lIIay in the future be avoided. Ten
years ago it was commonly asserted that every acre of the arid land
could be reclaimed. Now tbere is -no long-er talk of irrigating every
acre of the fertile lands of the arid region, awl comparatively little
interest is displayed as to whether 10 or 15 per cent of these lands can
be reclaimed. Pnblic sentiment is now concentrated on tbe question
how the relatively small quantity of water can be cousel'ved for the
largest use, it being apparent that by SUell conservatiou a population
of many million can be directly or indirectlJ' sustained.

The stream measurements carried on at various typical localities
- have been so dilfused as to afford as much data as possible concel'lling
the water resources of the country. They have shown that for many
localities there bas been sufficient water flowing at times of flood, and
illferentially that similar conditions exist elsewhere. There is thus no
questiou as to the fact that in general a large quantity ot' water exists
in spring, and that this can be held in certain reservoirs, at least until
time of need; but the question Rtill unanswered is, By what means can
this water conservation be bronght aboutY

To sum np the present conditions of reservoir surveys, it may be
stated that at scattered localities throughout the g1.'eat arid region
liumerous reservoir sites have been surveyed, and tbat some of these
have been constructed. Others still more important may be built, but

, probably tbis can not be done with direct financial profit. The great
body of the public lands has not yet been examined in detail, but as
fast as llleaus will permit reservoir surveys are being conducted on a
small scale. These should be extended whenever practicable. The
United States is still the owner of one-third of its whole area, exclusive
of Alaska-an area three times as great as the thirteen original States.
This one-third contains not only great resources in minerals and grazing,
but also immense tracts of rich agricultural lands capable of supporting
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REQUISITES FOR SUCCESS.

a population of many millions wherever sufucien t water can be had.
TlJe utilization of tl1is public lalu] or any consideraule portion of it,
and the development of the resources of the "estern half of the
cOUlltry a.re practic:t1ly at a standstill, owing to the lack of water con
servation. The measurements of tilis survey have shown that during
eacJl year great volumes of watl'!' run to wa!';te, nlUch of which could
be l1eld by storage in natural rcservo!r sites already surveyed or
believed to exist an,ong tIle lligll mountains and upon Govel'llIoeut
land. In order to utilize tbese sites, "betber by the ilHliviullal or by
the comnlllllity, it is necessary to coutinue and extend accurate surveys
and obtain correct information as to location, capacity, and prouable
cost of construction.

In estimating the possible usc or value of \Carious reservoir sites there
are many considerations which mnst be borne in mind. Some of these
modify, if they do not completely prevent, the utilization of the reser
voir. Remarks have already been made upon the fact that financial
failure is not tncompatible with the succpss of a reservoir in-otller ways.
That is to say, a reservoir Ulay be of very great benefit, returning to the
community many times its first cost, and yet not pay its owners. With
out dwelling u)1on this detail, it is necessary to consider some of the
conditions which must bp. fulfilled in order to result in the reclamation
of arid lands.

Iu almost every locality a number {)f places are pointed out as being
suitable for water con~ervation. Hundreds of tlJese bave been exam
ined, and comparatively fe" have been found worthy of survey. As a
rille, inspection shows that the capacity of the basin is too small for
the height of the proposed 1.1 am ; or, in other words, tllat the slope of
the bottom of the resClToir is too great. 'J'his is the most common source
of error, as very few people appreciate the rapid slope of upland val
leys. To hold water in some of these would re(luire a dam so high as
to be entirely out of the question.

Favorable conditions for the erection of a dam are also necessary.
It occasionally happens that, in order to inclose a basin of sufficient
capacity, the length of dam will be so enormous as to be impracticable;
in other cases the foundations mnst be placed in unconsolidated or
fractured material, necessitating excavations of great deptll. Some of
the gorges draining valleys have been at a previous time excavated
below their present surface, and the filling of saud and gravel extends to
extraordinary depth.

Where the combination of ample capacity and a good locality for
dam exists, it may happen that there is not sufficient tributary water
shed to furnish au ample supply for filling the reservoir each year.
Many of the best open valleys, or marshes, exist so near the summits of
the mountains that there is not a sufficient catcl1ment area. In such
cases it is sometimes possihle to divert water from one or more upper
drainage basins, and by flumes and tunnels to concentrate this into the
desired reservoir site.

On the other hand, the reservoir may be so situated as to have a catch
ment area too great for safety. This is particularly the case where a
dam is located npon a main drainage line receiving storm waters from
many square miles. A cloud-burst or general storm may send down a
flood of such dimensions as to fill the reservoir and overtop the dam,
washing it away, if of earth, as was the case at the time of the Johns-
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IMPORTANT RESERVOIR SITES.

Uppn' Jlliss01wi Basin in Montana amI \T01't1~ Dakota.-Surveys and
examinations of resen-oir sites along streams tributary to the upper
Missouri have been described in tIle AllIJUal Reports of the Geological
Survey, pal'ticularly in the Tbirteenth Annuall{eport, Part III, pages
371 to 386, where tl1e Sun HiYer system is described. Ten reservoirs
were examined and e:stilllates prepared of cost of construction. Of
thei'ie, one has already uecn uuiIt, in lHll't, at leal't; but others iu the
moun tains can be con!'trncted to g'rea,t Hlh-a ntage to the il'l'igable lands.
Tlle 1110re expensive of these may he left out of consideration.

. Cpper Jllis80uri Basin -in lI-yom'ing.-Surveys of reservoirs on the
watershed of Piney Creek, 'Wyoming, were made by 1\11'. Fred Boud,
under the direction of Capt. Hiram M. Chittenden, Corps of Engineers,
United States Army. The results are given in Document No. In of
the House of Represcntati,-el'i, Fifty-l1ftll COllgress, second session, and
a table of estimates gives cost of reseryoirs at Cloud Peak, Piney, and
Lake De Smet. Captain Chittenden has recommended that, in case
rei:en'oir construction is beguu, this system should be t]le first con
sidered.

Platte Basin in TVynmiJl{1 alld Colomdn'7"The surveys in this basin
were made by 1\11'. F. B. }laltby, uncleI' the charge of Capt. Biram M.
Cl1ittenden, Corp of Engineers, and are reported in the vulume above

town flood. To meet such emergencies there must be opportunity for
the construction of euormous wasteways around tile dam, or, if tllese
can not be built, the dam itself must be made of such substantial
mal'ionry that water can pour ovel' its top, as has beeu the case with the
Sweetwater dam of southern California.

}\. Ithouglt the dam and the "aste"ays may be of such character as to
witllstand the onset of any flood, there is still another danger to be
guarded agaim;t, and t,hat is the bringing down of Yast quantities of
sand, gravel, and clay, which are dropped in the comparatively still
water behiud tl1e dam, thus gradually tilling the reseryoir and destroy
ing its usefulness. There is no economical method of cleaning out a
reservoir of large size, and when once filled it must probably be
abandoned.

As a safeguard against floods and against silting up the reservoir,
attempts are llIade whereyer practicable to tind sites upon slllaller
tributaries and to conduct water to these from tile main stream by
means of large diversion canals. In this way the flood waters can be
received with safcty, as tlleir quantity is restri<:ted Ly tile capacity of
the canal, and most of the silt is dropped on the way and disposed of
by Uleans Qf various well-known engineering devices.

From a consideration of these and other qualifications it is apparent
that out of the large nUll1uer of reservoirs examined very few can be
expected to possess the elements of success. Thus it is necessary to
go over the country 'lith considerable tboroughuess and to consider
many questions before it is possible to point out the localities where
tl1e largest results can ue obtained with a reasonable expenditure. It
is this fact-tl1at good reservoir sites are scarce-that renders it imper
ative to push forward the recollnoiss[J.nce map of tbe West, and to fol
low this by detailed examinations by whicLt it is possible to point out
tl1e localities wl1ere construction work may be attempted with reason
able assurance. In the following' paragrapl1s the more important sites,
filii ug many of tl1ese conditions, are designated.
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named, giving cost and capacities. One of these sites is Ileal' tlJe town
of Laramie, 'Wyo" for storing waters of Big and Little Laramie rivers,
and the other on Sweetwater Rh-er, at a point about 65 miles due north
of the town of Rawlins, Wyo, Two systems of reservoirs in Colorado
were surveyed under the direction of Captain Chittenden, as above
noted, one being on the South Branch of Platte River, about 20 miles
above the junction of the North and South branches, and the other
near Loveland, between the valley of Cache la Poudre River and Big
Thompson Creek.

Aykansas Basin in Oolo1'ado and Kansas.-Arkansas River, rising in
Colorado and flowing into Kansas, offers some of the most important
problems of water storage in the West and of rights to the waters of a
stream flowing across State boundaries. Detailed surveys of the head
waters of this stream have been made and the results given, particularly
in the Thirteenth Annual Report, Part III, on pages 36~ to 370, where
estimates may be found. A map showing the general locations of the
reservoir sites has been printed as PI. CXLVII of the above-named
report. Some of the reservoirs, notably that of Twin Lakes, are now
under construction, but others should be built in order to utilize the
full capacity of the river. Particular attention is called to the group
of reservoirs in the vicinity of Leadville and those upon the head
waters of Grape Creek, Oil Creek, Beaver Creek, etc.

R'io Grande Basin in Oolorado and New Mexico.-A large number of
reservoirs have been surveyed in the drainage basin of Rio Grande.
The general conditiolliiil have been described in the T',elfth Annual
Report, Part II, on pages 240 to ~90. The examinations of reservoirs
within this district were made in part by Mr. W. W. Follett, who later
became engineer for the International 'Vater Boundary Commission
and continued his examinatioll of the Upper Rio Grande as a whole.
In Senate Document No. 229, Fifty-fifth Uougress, second session, .l\Ir.
Follett shows that at six reservoir sites which may be at some time
improved water can be held to the amount of 433,000 acre-feet. These
are described on page 105 of the report named, this information being
of later date than the reports of the Geological Survey on the su~iect.

Oolon/do River lh'a'ina{je in .A1'izona.-Several urveys have been
made of reservoir sites in Arizona, the results, with estimates, being
given in Senate Document No, 27, Fifty-fourth Congress, second ses
sion. The largest of theRe is of the reservoir at the Buttes, whose cost,
as stated 011 page 56, will aggregate over $2,000,000. An alternative
plan for a reservoir at Queen Creek has been submitted, the cost of
which will be 8221,000.

Bear Riret'll1'ainage 'in Utah and Idaho.-A reconnoissa,nce was made
of the head waters of Bear River in 1889, and later a survey of Bear
Lake, which lies partly in Utah and partly in Idaho. This lake serves
as a regulator of Bear Ri,er, receiving the snrplus water in time of
flood and allowing it to escape during high water. Its value, however,
can be greatly increased by regulating works to throw the fbll flood of
the upper catchment area iuto the lake and to permit of the lake beillg
drawn to a lower level. 1'he conditions are described in the Eleventh
Annual Report, Part II, pages (36 to 70, and in the 'l'welfth Aunual
Report, Part II, pages 327 to 334. In the latter report it is shown that
north of the lake tlJere is a marsh, this being separated from the open
water by a sand ridge about ,) miles in length and from 100 to 300 feet
in width, By artificially raising this sand ridge and dredging out the
channel, water can be held at a higher level, and at tIle same time the
marsh can be drained and be made useful for cultivation.

S. Doc. 116--~
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Infe1'iol' basin in Xeracla.-TlIe reservoir surveys made in what was
known as tlle Lahontan Division have been described in the Eleventh
Annual l~eport, Part II, on pages WI) to 183. The results are furtller
discussed in the Thirteenth Annual Report, Part III, on pages 387
to 397, and a map showing the relative local ion is given as Pl.
LXXXVI, facing page 152 of the Eleventh Annual Report, Part II.
As will be noted, the most important resen-oir sites for Nevada lie to
the west of the State line in California, particularly Donner Lake,
whose maximum capacity may be increased to over 4:?,000 acre· feet, the
cost varying according to the location and character of the dam, as
shown on pag-e 391 of the Thirteenth Annual Report, Part III.

In addition to the reservoir sites on the east side of tlle high Sierras,
there are also several important localities on or near Humboldt River,
examined by private part,ies, the results of which examination have
not been made public, The construction of these ~ill be of great
value in regulating the stream flow and holding back the excess floods.

Oolwnbia River clminage in Idaho.-The larger and more important
of the reservoir sites in Idaho are those at or near tlle head waters of
Snake River, In particular should be mentioned the Blackfoot reser
voir site, examined by the Geological Survey in 1896, and described in
the Eighteenth Annual Report, Part IV, on pages 330 to 333. This
locality is about 40 miles southeast of Blackfoot, Idaho. The site is
excellent, and with a 50-foot dam 2,060 acres could be flooded. The
top length of a dam of this height will be 470 feet, and the bottom
width about 300 feet. The total capacity at the 50-foot leyel will be
545,300 acre-feet.

Anothet' reservoir site examined l:fy the Geological Survey is that
noted in the Eleventh Annual Heport, Part II, in Swan Valley, which
has a storage capacity of about one and a half million acre·feet.
Higher up on the same stream-the South Fork of Snake River-a
reservoir might be made at Jacksons Lake with a capacity of half a
million acre·feet; while on Falls River, a branch of the North Fork,
is a third site, with a capacity of half a million acre-feet. (Page 190.)
Swan Valley could be made into one of the largest reservoirs in the
United States by con_'tructing a dam across the narrow gorge at the
outlet to a heigh t of 100 feet.

Oolwnbia River dminage in O~'egon.-The reservoir sites of most
immediate importance in Oregon are those to be found along the head
waters of Wallawalla River, which flows westerly fl'om Blue l\lountains
into Columbia River, and on the Malheur and Owyhee rivers, flowing
nortbeasterly into Snake RiveI'. The water supply along these streams
has been discussed in various annuall'eports of the Geological Survey,
and it has been pointed out that, while there is an excess during spring,
a general deficiency pl'evails during summer. It has been Iloted in the
Census Report npon Irrigation, page 213, that the water supply of Mal
heur County is below the needs of the present population, and that in
1888 and 188!) there was great suffering' among the farmers living along
the lower part of tile streams. In tile upper valleys much of this water
might be conserved by the erection of suitable dams.

Oolumbia River dminage in Washington.-The most important reser
voir sites in this State, the waters fl'Om wllich are now needed, are those
on the westel'n ide of the Cascade Hauge, at the lJead waters of Yakima
River. The natnral conditions are singularly favorable for storing
waters in large volumes at relatively small cost, since there exist
almost innumerable lakes and basills, some of which are of considera
ble size. The most notable al'e lakes Keechelus, Kachess, and Clealum,
011 the main Yakima River, and Bumping Lake, on :-laches RiveI'. The

.'
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TABLE OF ESTIMATES.

The following table has been prepared for the liydrographic basins
named above, giving in round numbers the approximate expenditures
which may be incurred in the construction of these reservoirs. As
before stated, it should be noted that final estimates, as a basis for
actual constrnction, can be made only when certain questions as to
fand available for the work have been settled. The estimates upon
which this table is based range from those made in great detail from
plans drawn to scale, and quotations of the cost of material, down to
others which are of the nature of approximations.

lJper Missouri Basin, for uenefit of Montana and North Dakota-Sun
River srstem _. $800,000

Upper Missoll1'i Basin, for uenefit of \Yyorning; also Platte Basin, for
benefit of Wyoming and Nebraska, including Sweetwater and Laramie
system _ _... 900,000

relative location of these lakes is shown in figure 165, page 462, of the
Nineteenth Annual Report, Part IV.

Irrigation companies having lands in the valleys below have made sur·
veys of these lakes and prepared estimates for private use, the figures
not being made public. A detailed survey of Bumping Lake was, how·
ever, made by the Geological Survey in the summer of 1897. It was
found that the area of this lake is 631 acres, while the area flooded
by a dam raising water 25 feet will be 1,113 acres, giving a reservoir
:Capacity of 22,300 acre·feet. The length of the dam should be 480 feet.
(Nineteenth Ann. Rept., Pt. IV, p. 476.) The character of Bumping
Lake is shown by figure 167, page 475, of the volume cited. .

.By the construction of reservoirs at t,hese points waters can be turned
into the head waters of the river during the season of drought, furnish·
ing a supply for the irrigation of lands along Yakima and Naches
rivers, and can be diverted into adjacent tributary valleys which, with·
out these, can not be reclaimed. The location of the present ditches
and the condition of development are shown in the Nineteenth Annual
Report, Part IV, on pages 461 to 476.

Pacific ll1'ainage in Oalijornia.-In California there are two systems
of reservoirs whose need is most urgent-those within the high Sierras,
on the head waters of streams flowing into San Joaquin Valley; and
those in southern California, in the high mountains from which the
Santa Ana, San Gabriel, and other rivers issue.

In the high Sierras reservoir surveys have been made as described
in detail in the 'Thirteenth Annual Report, PaTt III, pages 398 to 405.
Estimates for various types of dams are given, showing a range in cost
under various conditions. For example, at Kenuedys Meadow reser·
voir, on the head waters of Stanislaus River, tbe cost of an earthwork
embankment is given as $46,000 and of a masonry dam of the same
height as $128,000. The most pressing need of reservoirs,. however,
is probably on the head waterM of Kings River. The relative position
of the various reservoir sites surveyed is shown in the Eleventh
Annual Report, Part II, on PI. LXXXVI.

In southern Califomia many surveys have been made by the State
and by private parties, the detailed estimates obtained not being
available for publication. Much of the country has been mapped by
the topographers, and the area of tM watersheds outlined, giving facts
as to the prohability of obtaining a supply of water for the reservoirs.
The most important site is probably on or near the head waters of
Santa Ana River, and the second in importance on San Gabriel River.

,
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Total...... . .. . .. . . . . .. . . . . . .. . . .. 5,000,000

~..

250,000
500,000

300,000
250,000
250,000
250,000
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Platte and Arkansal! basins, for benefit of Colorado and Kansas, including
South Platte reservoir, $500,000, and Arkansas Hiver, $500,000 $1, 000, 000 '

Rio ~rande, for benefit of Colorado and New' Mexico, including Puerco
and Pecos rivers , .

Colorado River drainage, for benefit of Arizona-Queen Creek reservoir ..
Salt Lake drainage, for bene6t of Idaho and Utah-Bear Lake system .
Columbia Hiver drainage, for benefit of Idaho-Snake Ri,er system .
Columbia River drainage, for benefit of Oregon-Wallawalla, Malheur,

and Owyhee rivers ................••......................... :.... .•.. 250,000
Columbia River drainage, for benefit of "'ashiugtoD-Yakima lakes...... 250,000
Interior Basin (hainage, for benetit of Nevada-Donner Lake and Hum-

lloldt River _ _ .
Cl;1lifornia drainage-Kings, San Gabriel, and Santa Ana rivers .


